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Abstract: For low-cost isolated ac/dc power converters adopting high-voltage dc-link, research efforts 
focus on single-stage multilevel topologies. This paper proposes a new single-stage three-level isolated 
ac/dc PFC converter for high dc-link voltage low-power applications, achieved through an effective 
integration of ac/dc and dc/dc stages, where all of the switches are shared between two operations. With 
the proposed converter and switching scheme, input current shaping and output voltage regulation can 
be achieved simultaneously without introducing additional switches or switching actions. In addition, the 
middle two switches are turned on under zero current in discontinuous conduction mode operation, and 
the upper and bottom switches are turned on under zero voltage. Due to the flexible dc-link voltage 
structure, high power factor can be achieved at high line voltage.A500 W/48Vprototype is designed to 
serve as the proof of concept, which exhibits 90.8% peak efficiency at low input line voltage. 
I. INTRODUCTION 
In this chapter discussing about the AC-DC 
converter, single stage PFC converter, power factor 
correction techniques, main objective of thesis, 
organization of thesis.AC-DC converter is an 
electrical device composed of one or more diodes 
that converts alternating current (AC) to direct 
current (DC). A diode is like a one way valve that 
allows an electrical current to flow in only one 
direction. This process is called rectification. 
A rectifier can take the shape of several different 
physical forms such as solid-state diodes, vacuum 
tube diodes, mercury arc valves, silicon-controlled 
rectifier various other silicon based semiconductor 
switches. 
Rectifiers are used in various devices, including: 
 DC power supplies 
 Radio signals or detectors 
 A source of power instead of generating current 
 As flame rectification to detect the presence of 
flame 
 High-voltage direct current power transmission 
systems 
 Several household appliances use power 
rectifiers to create power, like notebooks j8or 
laptops, video game systems and televisions. 
Other devices that have control electrodes as well 
as acting as unidirectional current valves are used 
where more than simple rectification is required 
e.g., where variable output voltage is needed. High 
power rectifiers, such as those used in (high voltage 
direct current) power transmission, employ silicon 
semiconductor devices of various types. These are 
thyristors or other controlled switching solid-state 
switches, which effectively function as diodes to 
pass current in only one direction. 
II. LITERATURE SURVEY 
The single stage power factor correction topology 
depending on the output power level and several 
configurations can be found in literature survey [1]-
[5]. The output power level lower than 300W, the 
single stage power factor correction topologies 
based on the isolated DC-DC fly back, forward and 
half bridge converter [6]-[8]. The output power 
level higher than 300W, the single stage power 
factor correction topologies based on the isolated 
DC-DC full bridge converter [9]-[10]. The output 
power level higher than 1KW, the single stage 
power factor correction topologies based on the 
isolated DC-DC three level converter [11],[12].  
Independent of the referred features, the single-
stage topologies are not yet a reality in the existing 
commercial switch mode power supplies (SMPS) 
solutions. This fact is due in part to the 
manufactures inertia in changing their matured 
solutions and also to the single-stage topologies 
operating limits and complex control issues like the 
regulation of the dc bus voltage with light load that 
is one of the most problematic concerns. Referring 
the FBSS topologies, some of these operating and 
control restrictions have been identified and solved 
very recently [13], [14]. 
However, some improvements are still needed. One 
of the most important is the downsizing and the 
cost reduction associated with the dc bus capacitor. 
By inspecting [15], it is possible to verify that the 
average ratio μF/W of single-stage topologies is 
higher than the typical values used in two-stage 
commercial SMPS, 0.5 μF/W, (0.7–4μF/W are 
common used values), i.e., a higher stored energy 
in the dc bus is needed when compared with the 
two-stage topologies. However, the reduction of 
the dc bus capacitor Cb introduces additional 
complexity in what concerns the regulation of the 
input current, the output voltage and the average dc 
bus voltage. 
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Single Phase Improved Power Quality AC-DC 
Converter 
B.Singh was Proposed by Single Phase Improved 
Power Quality AC-DC Converter [1]. In this thesis 
discussing about IPQCs configuration, IPQC for 
specific applications, future developments in 
IPQCs technology. 
Solid-state switch-mode rectification converters 
have reached a matured level for improving power 
quality in terms of power-factor correction (PFC), 
reduced total harmonic distortion at input ac mains 
and precisely regulated dc output in buck, boost, 
buck–boost and multilevel modes with 
unidirectional and bidirectional power flow. This 
paper deals with a comprehensive review of 
improved power quality converters (IPQCs) 
configurations, integration of IPQC for specific 
applications, selection considerations of IPQC for 
specific applications, future developments in 
IPQCs technology. 
The IPQC technology has been developed now at a 
reasonably matured level for AC-DC conversion 
with reduced harmonic currents, high power factor, 
low electromagnetic interference (EMI) and radio 
frequency interference (RFI) at input ac mains and 
well regulated and good quality dc output to feed 
loads ranging from fraction of Watt to several 
hundred kilowatts power ratings in large number of 
applications. A large number of IPQC 
configurations have been evolved to suit vastly 
varying requirements of different applications 
while maintaining a high level of quality at the 
input AC source and output DC loads.  
(a) IPQCs Configurations: 
IPQCs are classified in to two major categories. 
Some of them are further classified in to several 
subcategories. These converters are subclassified as 
boost, buck, buck–boost, and multilevel with 
unidirectional and bidirectional power flow. The 
total number of configurations of these converters 
is divided into eight categories. Fig 2.1 shows the 
tree of topology based classification of IPQCs. 
Some applications, a constant regulated output dc 
voltage is required with unidirectional power flow 
such as in SMPSs, low rating ASDs in fans, air 
conditioners, etc., while in a few applications, a 
bidirectional power flow is required.  
Therefore, these IPQCs are categorized into 
unidirectional boost converter and bidirectional 
boost converter. The classification of improved 
power quality converter tree diagram is as shown in 
fig 2.1. 
 
Fig 2.1: Classification of Improved Power Quality 
Converters 
Moreover, there are a large number of applications 
which require wide varying DC voltage normally 
fed from conventional semi converter and fully 
controlled thyristor converter with unidirectional 
and bidirectional power flow. To replace, 
conventional thyristor based semi-converters and 
full converters, a breed of improved power quality 
converters has been developed and classified as 
unidirectionalbuck, bidirectional buck with PWM 
switching and using self commutating solid-state 
devices.  
Moreover, there are some typical applications, 
which require buck and boost operations in the 
same converter, therefore, an additional 
classification of buck-boost converter is made with 
unidirectional and bidirectional power flow. 
However, for high voltage and high power 
applications, the concept of multilevel converters is 
developed which may avoid a low frequency 
transformer, and  reduces the  switching frequency 
of  the  devices. Next, the category of IPQCs is 
considered as multilevel converters with 
unidirectional and bidirectional power flow. 
III. CIRCUIT EXPLANATION AND MODES 
OF OPERATION OF SINGLE STAGE 
PFC CONVERTER 
The proposed converter is essentially an integrated 
version of a boost PFC circuit and three-level 
isolated dc–dc converter. Basically, a diode bridge 
and an inductor are added to the three level isolated 
dc–dc converter topology as shown in Fig. 3.1. 
Here, the inductor is charged when S2 and S3 are 
turned on simultaneously. Body diodes of S1 and 
S4 serve as the boostare switched to apply 
Vdc/2,−Vdc/2, and zero voltage across the primary 
side of the transformer. Thus, all of the switches 
are shared between the two-stages, which makes it 
fully integrated single-stage converter without any 
additional auxiliary switches.  
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Fig. 3.1. Topology of the proposed single-stage 
PFC converter 
The switching scheme of the conventional three-
level isolated dc/dc converter is given in Fig. 3.2. 
In this conventional scheme, the duty ratios of S2 
and S3 are fixed close to 50% for simplicity in 
control and to ensure upper or lower three switches 
are not turned ON simultaneously as this would 
cause short-circuit through dc-link capacitors. 
Overlapping these two signals, as long as short-
circuit condition is avoided, has no impact on the 
operation of the circuit.  
 
Fig 3.2 Switching scheme of the conventional 
three-level DC-DC converter 
 
Fig 3.3 The proposed single-stage PFC converter 
modified switching scheme 
Similar to that in the conventional scheme, zero 
voltage is applied across the primary side of the 
transformer. This modified switching scheme is 
presented in Fig. 3.3. When a boost inductor and a 
diode bridge is added to the nodes as in Fig. 3.1, 
the overlap of gate signals of S2 and S3 enables 
applying input voltage across the boost inductor.  
The switching scheme of the converter is given in 
Fig. 3. The switches S2–S3 , and S1–S4 have 180° 
phase shift with respect to each other. The duty 
ratios of S2–S3 should be greater than 0.5 such that 
two signals overlap. Here, the circuit is explained 
considering that input inductor current is 
discontinuous and the switching scheme is as 
follows; S1 is turned on right after S3 is turned 
OFF, and similarly, S4 is turned on when S2 is 
turned OFF. A dead-time should be inserted in 
between the turning ON instant of S1 and turning 
OFF instant of S3 , and likewise between switching 
of S2 and S4 to avoid short-circuit. 
IV. SIMULATION MODEL AND RESULTS 
OF THREE LEVEL ISOLATED SINGLE 
STAGE PFC CONVERTER 
INTRODUCTION 
In this chapter discussing about the simulation 
model and results of three level isolated single 
stage PFC converter, conclusion. 
V. SIMULATION MODEL OF SINGLE 
STAGE PFC CONVERTER 
 
Fig 5.1: Simulation Model of Single Stage PFC 
converter 
The simulation model of three level isolated single 
stage PFC converter topology is as shown  in 
Fig.5.1 considering a maximum output power of 
500 W and 48 V output voltage. 
A 500 W/48 V the three level isolated single stage 
PFC converter topology, as shown in Fig. 5.1. Two 
split capacitors each one rated at 470μF/400 V are 
connected to the dc-link. The output capacitor is 
100μF. The input and output inductors are chosen 
as 27μH/15 A. Two identical input inductors are 
connected in parallel (one of them is mounted on 
the bottom side of the pcb), which is equivalent to 
13.5 μH/30 A. The switching frequency of the 
switches is set to 125 kHz.  
The transformer core is ETD-49, manufactured by 
EPCOS. The turns ratio of the transformer is 1:2. 
The neutral point clamping diodes (D5 andD6) are 
Cree SiC diodes, which are rated at 600 V/ 16.5 A. 
The diode rectifier, manufactured by Diodes Inc., is 
rated at 600 V/15 A. The power switches (S1 to S4 
)are N Channel MOSFETs, which are rated at 400 
V/25 A. The output rectification diodes (D7 
andD8) are rated at 200 V/30 A.  
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 SIMULATION RESULTS OF SINGLE STAGE 
PFC CONVERTER 
The simulation results of three level isolated single 
stage PFC converter  topology is as shown  in 
Fig.5.1, 5.2,5.3,5.4,5.5,5.6 considering a maximum 
output power of 500W and 48 V output voltage 
 
Fig 5.2:Simulation results of Diode currents ID7, 
ID8, ID5, ID6 
The simulation results of current across diodes D7,  
D8,  D5, D6(ID7, ID8, ID5, ID6) is as shown  in Fig. 5.2 
 
Fig 5.3: Simulation results of Gate voltages VGS1, 
VGS2, VGS3,VGS4 
Fig 5.3 shows the simulation results of gate voltage 
across the switch S1, S2, S3,S4(VGS1,VGS2, VGS3, 
VGS4). 
 
Fig 5.4:Simulation results of output power PO 
Fig 5.4 shows the simulation results of output 
power PO 
 
Fig 5.5:Simulation results of transformer voltage 
Vtr ,current Itr, inductor current ILb, output 
inductor voltageVLo 
Fig 5.5 shows the simulation results of transformer 
voltage Vtr , current Itr, inductor current ILb, output 
inductor voltage VLo 
 
Fig 5.6:Simulation results for output inductor 
current ILo, capacitor C1 current IC1, capacitor C2 
current IC2 
Fig 5.6 shows the simulation results for output 
inductor current ILo, capacitor C1 current IC1, 
capacitor C2 current IC2 
VI. CONCLUSION 
A three-level single-stage PFC ac/dc converter is 
proposed for low-power applications. The proposed 
converter exhibits high PF with less number of 
switches/diodes, operated at constant duty ratio. A 
PFC inductor and a diode bridge are added to the 
conventional three-level isolated dc/dc converter, 
while the switching scheme is modified to be 
compatible with single-stage operation. The input 
current ripple frequency is twice of the switching 
frequency contributing to using smaller PFC 
inductor. Two independent controllers, in favor of 
shaping the input current and regulating the output 
voltage, are adopted which simplifies the design 
and control of the circuit. The tradeoff between the 
PF and overall efficiency in the case of adopting a 
variable dc-link voltage is analyzed through 
developed loss model. The results of the analyses 
show that under 265 V line voltage, the PF can be 
increased to 0.99 from 0.88 by varying the dc-link 
voltage from 400 to 800 V. On the other hand, the 
efficiency of an 800 W/48 V converter can drop 
from 95.2% to 90% at full load. A 500 W prototype 
has been designed to serve as a proof-of-concept 
achieving a peak efficiency of 90.8% at low input 
line voltage. 
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